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ALGAE AS BIOLOGICAL INDICATORS OF
STREAM WATER QUALITY IN MONTEVERDE,
COSTA RICA
Andrea Buckman
Department of Biology, Indiana University
____________________________________________________________________________________

ABSTRACT
Water quality is an issue of increasing importance as the growing population depletes and contaminates the
Earth's natural resources. One example of this is in Monteverde, Costa Rica, where wastewater is directly
discharged from homes and businesses into the many streams in the area, affecting the ecosystem within the
streams. Runoff from the many farms and pastures that are treated with highly concentrated pesticides and
fertilizers can also affect the natural freshwater ecosystems by adding nutrients and toxins. Seven streams
in the Monteverde area were analyzed in order to determine if algae morphospecies can be used as reliable
indicators of water quality. Two samples were taken from each stream, one at a point source and one in a
pristine location. Water quality analyses, including dissolved oxygen content, pH, temperature, nitrogen and
phosphorous content, and turbidity, were conducted for both samples. Algae morphospecies at each site
were identified and recorded as well. There was also a significant difference (P = .0007) between the
morphospecies found at the pristine sites and those at the point source sites. This shows that water quality
has an effect on algae species composition, and that species composition can be used to indicate water
quality. Studies similar to this one can be highly useful in identifying sources of water pollution or
determining the health of a freshwater stream based on the algae species found there.

RESUMEN
La calidad del agua es un asunto de la importancia creciente como la población creciente agota y contamina
los recursos naturales de la tierra. Un ejemplo de esto está en Monteverde, Costa Rica, donde agua sucia se
descarga directamente de hogares y negocios en las muchas corrientes en el área, que afecta el ecosistema
dentro de las corrientes. Perdidas forman las muchas granjas y los pastes que se tratan con pesticidas y
abonos sumamente concentrados pueden afectar también los ecosistemas de agua dulce naturales
agregando alimentos nutritivos y toxinas. Este estudio se condujo en siete corrientes en el área de
Monteverde para determina si morphospecies de algas se puede utilizar indicadores como seguros de la
calidad de agua. Dos muestras se tomaron de cada corriente, uno en una fuente de punto y uno en una
ubicación prístina. La calidad del agua analiza, inclusive el contenido disuelto de oxigeno, el pH, la
temperatura, el contenido de nitrógeno y fósforo, y turbio, se condujo para ambos prueba. Morphospecies de
algas en cada sitio se identificó y fue registrado también. Había una diferencia significativa (P =. 0007) entre el
morphospecies encontró en los sitios prístinos y esos en los sitios de fuente de punto. Esto muestra esa calidad
de agua tiene un efecto en la composición de la especie de algas, y se puede utilizar como indicadores de
la calidad de agua. Estudia semejante a esto uno puede ser sumamente útil en identificar las fuentes de la
contaminación de agua o determinar la salud de una corriente de agua dulce basada en la especie de algas
encontró allí.

INTRODUCTION
Freshwater is a resource of ever-increasing importance. More than half of all accessible
surface fresh water is already put to use by humanity (Lubchenco, 1998). Some 80
countries and 40 % of the world's populations suffer from severe water shortages. By 2020,
water use is expected to rise by another 57 %. The three factors that most significantly
affect the demand for water are: population growth, industrial development, and the
continuing expansion of irrigated agriculture. 1.1 billion People still lack access to potable
water, which results in more than 5 million deaths from water-related diseases annually
(UNEP 2002). It has already been proposed that in the future clean water will have to be
purchased at a much higher price because all pristine sources will have been contaminated
or destroyed (Lubchenco, 1998).
This increased water development has led to severe impacts on freshwater
ecosystems. Marshes and wetlands have been eliminated; natural waterways have been
altered, contaminated, or lost due to overuse; and ecosystem functions have been
significantly altered (UNEP 2002). Anthropogenic contamination is a serious problem as
well. Excessive amounts of nutrients are often washed into the stream system through
runoff from farms and homes. The detergents and fertilizers used in homes and
agricultural systems add unnatural amounts of nitrogen, potassium, and phosphorous to the
ecosystem. These nutrients supplement the growth of algae as well as alter the species
composition of certain nutrient-rich areas of streams (Brook, 1965).
The occurrence of harmful algal blooms has, however, raised awareness that
humans have not only altered the species at the top of the food chains, but have also
affected those at the base. These blooms have been shown to correlate with changes in
temperature and nutrient flow, and can lead to severe fish kills from anoxia as well as to
paralytic shellfish poisoning and amnesic shellfish poisoning in humans (Vitousek, et
al.1997). Keeping our freshwater ecosystems healthy is an important consideration for
future water supplies.
Algae are invaluable constituents of any aquatic ecosystem. They are the major
energy capturers, as they are responsible for the majority of photosynthesis within the
stream (Hauer, 1996). Algae live in the photic zone on submerged substrata as well as in the
water column of most aquatic ecosystems. They are a major source of food for many
macroinvertebrates, but their abundance is also very important because they compete with
the other aquatic organisms and each other for dissolved oxygen and light. When the
proportions become unbalanced, such as when excess nutrients enter the stream and cause
the algae to grow more than their natural systems allow, some species are inevitably
outcompeted for sunlight or oxygen (Hauer, 1996).
The maintenance of species diversity within aquatic systems is important for proper
ecosystem function through interspecific facilitation. Interspecific facilitation is one
example of a crucial mechanism by which biodiversity directly supplements ecosystem
performance. It occurs when the performance of certain species is improved in the presence
of other taxa (Cardinale, et al. 2002). The topography or "roughness" of a streambed can
influence patterns of water flow and therefore food delivery and resource consumption
within a stream. The presence of excessive algae creates unsuitable substrate for
species such as lichens to attach to (S. Poole, unpublished research). Because algae is
the base of the food chain as well a major component of the substrate in stream systems,
alterations in algal abundance that occur because of changes in environmental parameters
could impact the functioning of the entire system. Alterations in species richness,

composition, or abundance could reduce these positive interspecific interactions, which may
in turn result in sub-optimal functioning of aquatic ecosystems.
Monteverde, Costa Rica is a small but growing farming and ecotourism
community. In town, there are many homes and businesses with pipes leading directly into
streams, and the wastewater is flushed directly into the stream ecosystem. Direct
observations were recorded in town of pipes leading into the streams with human waste,
industrial waste, and bubbling discharge from soaps and detergents slowly flowing into the
water. There are also many rural homes that dump grey water into the stream nearest them.
The many agricultural plantations and dairy farms also contribute fertilizers, pesticides,
and animal excrement to the area's stream ecosystems (James Wolfe, pers. comm. 2003).
There have been many studies testing the effects of agricultural and point-source
pollution on macroinvertebrates that inhabit the streams of Monteverde, and several have
confirmed that pollution and poor water quality negatively influences the health of the
habitat of the organisms that live in the stream (Beebe and O'Keefe 19%1996,
Houseworth, 2000). However, not much information exists exploring algal species as
biological indicators. Examining how tropical species of algae respond to water pollution
is a valuable part of our understanding of human impacts on stream ecology. Determining
which species of algae, if any, serve as indicators for healthy or polluted stream
ecosystems could yield a more effective way to judge the health of a freshwater system.
A study that was done at the Fábrica de Quesos de Monteverde found that the waste
products being dumped into the stream next to the factory (Quebrada Guacimal) caused a
significant difference in species richness and abundance of macroinvertebrates. Species of
insects with high oxygen demands had declined because of the masses of filamentous
algae and the increase in lac+ bacteria that out-competed the insects for oxygen (Gill,
2000). After that study was published, the Fábrica de Quesos improved their waste
disposal techniques. It was with optimism for raising awareness of the conditions of the
waters in Monteverde that this study was conducted.
This study had two purposes. One was to determine if the stream water quality
would be measurably different in pristine sites compared to sites of pollution input. The
second was to identify the algae morphospecies within those streams and determine if
certain species of algae could serve as biological indicators of water quality, as the
species composition may have changed in streams that have had human-induced addition of
nutrients for substantial time periods.

METHODS
Study Sites
Seven streams in the Monteverde area were the focus of data collection: Quebradas
Máquina, Berros, Rodríguez, Guacimal, Santa María, Sucia, and Alondra (Appendix A). For
each stream, two samples were taken within 1350-1550 meters in elevation. There were
two data collection points for each stream, including a point source and a pristine location.
The point sources were chosen by locating homes or businesses with waste water pipes
leading directly to the stream. If there were no pipes, the sample was taken near the road
where runoff was found entering the stream. For the pristine samples, locations were
chosen based on their isolation from sources of pollution. They were all deep in forest
patches, with no pastures, farms, or homes upstream to contaminate the samples. These
pristine sites were found by either following trails or roads as close to the site as possible and

then locating the stream from there, or by walking up the stream until a suitable site was
reached. All samples were taken in the morning or early afternoon.
Water Quality Analyses
At each site, samples of approximately 500 mL were taken from the streams to use for the
water quality analyses. Using an Oakton Waterproof Data meter, model number WD-3561575, the dissolved oxygen content (DOC) and temperature were taken once the temperature
had stabilized. The meter was calibrated before measurements were taken. The Oakton
Waterproof pH Testr2, model number 35624-22, was used to determine the pH at each site.
The tester was calibrated before each use. The Chemetrix Field Test Kits model numbers
K-6902D, K-8510, and TTM-7519 were used on site to determine the levels of nitrogen,
phosphorous, and the turbidity, respectively.
Algae Collection and Identification
At each site approximately 100 mL of water were taken from the streams. Algae samples
were scraped with a knife or sucked up with a medicine dropper from several rocks and
collected as well. Once back at the data analysis site, the vials containing the samples were
shaken and slide were prepared using three drops of the sample. Cover slips were applied.
Using a compound microscope, the various morphospecies of algae found were sketched
and size was recorded. For each sample, the morphospecies present were recorded, and
new drawings added as necessary.
Statistical Analysis
To compare the water quality parameters between the point source and pristine sites,
Paired Sign tests were run for each parameter measured: DOC, pH, temperature, N, P, and
turbidity, as well as for species richness. To determine the effects of water quality on species
richness, Spearman rank correlations were run for each of the water quality parameters.
The tests were run with all 14 data collection points versus the number of morphospecies.
To quantify similarities in species composition in and between habitat types (polluted and
pristine), a Sorenson index was used. A One-way ANOVA test was also run to determine
whether the species composition was more similar between like or unlike habitat types.

RESULTS
Study Sites
Algae species turnover is great between polluted and pristine sites. The Sorenson’s indices
showed that the pristine vs. pristine sites were very similar, the polluted vs. polluted sites
were moderately similar, and the pristine vs. polluted sites had low similarity (Figure 1).
There were three morphospecies that were unique to the pristine sites and six that were
unique to the point source sites.

__________________________________________________

Figure 1. The similarity in species composition
between pairs of habitats. Prist. = sites with no point
source, Poll. = sites near a point source. S.E. =
0.035, 0.024, and 0.037, respectively.
__________________________________________________

The communities of pristine sites are more similar to each other than they are to
polluted sites. They are also more similar to each other than they are to polluted sites.
They are also more similar to each other than the polluted sites are to each other. The
Fisher’s PLSD showed that the means were all significantly different, with P = 0.0030 for
polluted vs. pristine-polluted, P = 0.0007 for polluted- polluted vs. pristine-pristine, and P
= < 0.0001 for pristine-polluted vs. pristine-pristine.
Water Quality Analyses
Paired Sign test results showed the differences between sites (pristine vs. polluted). For
DOC, the P-value was insignificant at 0.688. It was also insignificant for pH at 0.375. It
was significant for temperature at .0312. The nitrogen and phosphorous were
insignificant at 0.219 and 0.125, respectively. Turbidity was significant at 0.016.
Richness was insignificant at 0.999. The measurements recorded at each site are in Table
1, along with the mean and standard error.

_____________________________________________________________________________________________

Table 1. Results of water quality analyses of seven streams in the Monteverde area. The DOC is in %
saturation, N and P are in ppm.
_____________________________________________________________________________________________
Stream

Q. Máquina
Q. Berros
Q. Rodriguez
Q. Guacimal
Q. Santa Maria
Q. Sucia
Q. Alondra
Mean
Std. Error

Prist

02
Poll

pH
Prist Poll

Prist

Poll

Prist

Poll

Prist

Poll

JTU
Prist Poll

Prist

Poll

73.5
72.4
76.3
72.3
73.4
70.3
72
72.9
0.7

82.2
77.9
76.1
60.2
73.4
54
63
69.5
4

7.3
7
7.1
7.3
7.2
7.7
6.9
7.2
0.1

16.6
16.5
16.8
16.8
16.7
18.1
16.1
16.8
0.2

20.7
18.1
18.2
18.8
16.7
19
19.9
18.8
0.5

1.2
1.2
1.15
1.25
1.25
1.5
1.25
1.26
0.04

3.75
1.25
1.25
7.5
1.25
0
4
2.74
0.99

0.15
0.1
0.1
0.15
0.25
0.1
0.1
0.14
0.02

0.15
0.15
0.35
0.15
0.25
1
0.35
0.34
0.11

0
0
2.5
2.5
0 2.
2.5
0
1.07
0.51

10
7
8
8
7
8
8
8
0.38

8
6
7
11
7
10
11
8.6
0.78

7.8
7.9
7.4
7.3
7.2
7.6
7.8
7.6
0.1

ºC

N

P

2.5
2.5
5
25
5
5
10
7.5
3.01

S

The results of each water quality parameter were compared to species richness in
Spearman rank correlations (Table 2). There were no significant correlations except for
richness versus DOC (as DOC decreased, richness increased) (Figure 2) and richness
versus turbidity (as turbidity increases, richness increases) (Figure 3).
_____________________________________________________________________________________________

Table 2. Spearman rank correlation coefficients comparing richness with water quality parameters of
seven streams (one polluted and one pristine site per stream) in Monteverde, Costa Rica. Correlations
corrected for ties.
_____________________________________________________________________________________________

Environmental
Parameter
DOC
pH
Temperature
Nitrogen
Phosphorus
Turbidity

Rho Value

P-Value

N

-0.535
0.143
0.380
0.224
0.105
0.430

0.0324
0.6051
0.1711
0.4183
0.7045
0.0473

14
14
14
14
14
14

_____________________________________________________________________________________________

Figure 2. Regression plot showing algae species richness in relation to dissolved oxygen content (DOC),
as an indicator or water quality. R^2 = 0.525, N = 14, and P =0.03.
_____________________________________________________________________________________________

Algae Collection and Identification
There were a total of 22 morphospecies of algae identified and labeled as A – V
(Appendix B). The lengths of each morphospecies are listed as well. Thirteen out of 22
total were found in both habitat types. Six were found only in polluted sites, and three
were found only in pristine sites.

DISCUSSION
The results of the ANOVA showed that the composition of algal communities is sensitive
to water pollution. There is greater turnover between pristine and polluted sites, as shown
in Figure 1. This was most likely a result of the differences in water quality between the
stream types. The pristine sources were located in ecosystems with no homes or other
sources of pollution to alter the natural species composition, while the point sources were
directly affected by anthropogenic contaminants.
The polluted sites exhibited moderately similar turnover. This could be because of
the combination of contaminants unique to each stream. Different pollutants could
contribute to the variations in species composition between the point source sites because of
the algae's responses to their own unique environments. Contaminants from industry would
probably affect the stream differently than those from a home, for example.
There is great similarity in composition of pristine sites, despite being distant from
one another. This suggests that there are some very sensitive algae that are specific to sites

with high water quality. It could mean that the particular composition found is indicative of
healthy freshwater systems. The species that were only found in the pristine sites were C, D,
and E. Those that were found only in polluted sites were M, R, S, T, U, and V. If these
particular morphospecies could be identified, it would be very helpful to those who
question the water quality of a particular freshwater ecosystem. Unfortunately, the
time constraints on this study did not allow for morphospecies identification.
The variations between habitat types show the effects of pollution altering an
ecosystem. The turbidity and temperature were significantly different between the
pristine and the polluted sites. The turbidity varied undoubtedly because of the direct
entrance of outside sources of water into the system, no doubt increasing the levels of
contaminants in the streams at the point sources. The pristine sites were in areas without
inputs from unnatural sources, which kept them filtered and clean. The temperature was
probably different due to elevational differences in sampling sites (not enough difference to
impact the species or ecology within the streams), and also because the pristine sites were
in forest cover and the point sources were in full sun because they were in areas cleared
for homes and businesses. However, the means between the two sample types could
suggest some trends, even though they were not significantly different.
The pH was lower in the pristine sites, and was very close to a neutral seven. The
point sources had a higher pH, which could be a result of soaps entering the stream from
homes, which would make the pH of the point sources more basic. The average nitrogen
concentration for the pristine sites was 1.26, and for the point sources were 2.7. The
average P for the pristine sites was 0.14 and for the polluted sites was 0.34. These figures
could be insignificantly different because of the season. It was the dry season in Costa
Rica, and there had been no rain for at nearly five months. The levels of contaminants in the
waters are washed away quickly, and therefore are not always reliable indicators of water
quality. Seasonal variations in water discharge strongly influence whether or not nutrients
are stored or exported, and so it is possible that these nutrients could have been locked up in
the dry soil at the time the measurements were taken (Allan, 1995). The species,
composition, however can often provide a more reliable judgment of the health of the
system.
The species richness was very similar also, with the pristine sites having an
average richness of eight species per site, while the point sources had an average richness of
8.6 species per site. This lack of expected difference was probably due to the nutrients and
contaminants that were locked up in the soil.
Had the inevitably large amount of contaminants stored in soils at the time been
influencing the streams, the outcomes of these results would have undoubtedly have been
different. The small sample size was also surely a factor in the lack of significant results.
Even though there are pipes leading directly to a stream from a home, that water is
quickly washed away. If the measurements from this study were not taken just as the
wastewater or agricultural/pasture residues were being washed into the system, the
environmental parameters could have been much different.
Seven streams out of all the polluted or potentially human-influenced streams in
Costa Rica are not a sample size that is able to produce astounding results. The streams
need to be monitored throughout the year to ascertain the levels of these parameters that are
more indicative of the actual state of the streams. If this study were to be repeated, it should
be over an entire year instead of two-three weeks, cover more than seven streams as study
sites, and also take biological factors into the water quality analyses (like
macroinvertibrate species).
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